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Purpose of book
Adverse effects of highly hazardous pesticides (HHPs) on people and the environment have been 
a global concern for many years. In 2006, this was clearly expressed by the FAO Council when it 
recommended a progressive ban on HHPs. The concern crystallized at UNEP’s Fourth International 
Conference on Chemicals Management (ICCM4) in Nairobi in 2012, with the submission of a 
conference room paper supported by at least 65 countries and organizations. The proposed 
resolution included supporting “a progressive ban on HHPs and their substitution with safer 
alternatives”. While the resolution was not immediately adopted, countries participating in 
subsequent regional meetings of the Strategic Approach to International Chemicals Management 
(SAICM) have reiterated concern about HHPs and called for more information on ecosystem-based 
alternatives. At SAICM’s Open-Ended Working Group in December 2014, following a call by the 
entire African region for a global alliance to phase-out these chemicals, it was agreed a proposal 
would be developed for ICCM4.
  The purpose of this publication is to provide information drawn from all regions to assist 
countries in replacing HHPs with ecosystem-based approaches to pest1 and crop management 
– replacing chemicals with biology. It draws together previously published and new material in a 
form that is accessible for policy- and decision-makers at the national and international level, as 
well as providing practical guidance at the farm and farm-support level.
  It also points out that use, and phasing out, of HHPs must be seen in the context not only 
of human health and environmental impacts and costs, but also in the context of food security, 
poverty reduction, and climate change.
1 In this book, the term pest is used to describe not just insect pests, but also weeds, crop diseases, and other 
 invertebrates and vertebrates that can cause problems for farmers.
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base and to the public in general. Their approach 
highlights the interactions between the soil, 
plants, animals, and people at the farm, developing 
sound soil and water usage methods and new 
agroforestry methods to enable the regeneration 
of surrounding nature – all while making good 
organic products. The farm provides livelihoods for 
140 fulltime workers and their families, and they 
now have 2,200 hectares under organic cultivation. 
 Fazenda da Toca uses agroforestry methods to 
make use of a variety of trees, which play a distinct 
role in maintaining the balance between required 
biomass production and the nutritional needs of 
crops and animals. Integral to their success has been 
discovering the most beneficial combinations and 
planting successions of tree-based components, 
grasses, and crops, developing the right machinery 
and equipment to handle them on a large scale, 
while achieving all this economically. Located in 
the heart of Fazenda da Toca is the Instituto Toca, 
a non-profit school and research initiative, with 
a mission to “educate to transform”. It provides 
direct instruction to students in the municipality of 
Itirapina, and currently hosts a primary education 
school, an after-school program of extracurricular 
activities, a continuing education training facility, 
events and study groups open to the community, 
and eco-teaching experiences for private schools 
and groups.294
8.5  Costa Rica: Reducing pesticide use 
in vegetables
 
by Ryan E. Galt, Associate Professor, Department 
of Human Ecology, Provost Fellow, Agricultural 
Sustainability Institute, University of California, Davis. 
regalt@ucdavis.edu
Introduction
Costa Rica has the highest use of synthetic pesti-
cides per cultivated hectare in the world, in direct 
contrast with its image as an environmentally 
friendly nation.295  With a focus on Northern Car-
tago and the Ujarrás Valley, the main vegetable 
producing area of Costa Rica, this case study using 
data collected in 2003-04 provides an example of 
how farmers growing high-value and input-inten-
sive vegetable crops for market reduced their pes-
ticide use by adopting some agroecological prac-
tices, largely in response to pesticide regulations. 
Examples in which farmers of very input-intensive 
crops are able to slow down or step off the pesti-
cide treadmill using agroecological practices are 
important because they can teach us about the 
causes and conditions that allow this to occur.
Methods and data
A face-to-face survey of 145 farmers in 2003-2004 
yielded data on about 430 field-specific spraying 
schedules for 33 different vegetable crops (based 
on three spraying schedules per farmer, on 
average). The data also include organic inputs used 
on these specific crops. The majority of the data 
Agroforestry on organic farm Fazenda da Toca. FoodTank
294 Reed M. 2014. Scaling Up Ecological Cultivation: An Interview with Richard Charity of Fazenda da Toca. FoodTank. Nov 
3rd. http://foodtank.com/news/2014/11/scaling-up-ecological-cultivation-an-interview-with-richard-charity-of-faze
295 Galt RE. 2014. Food Systems in an Unequal World: Pesticides, Vegetables, and Agrarian Capitalism in Costa Rica. Tucson: 
University of Arizona Press, Tucson.
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used is for the three crops grown for export and 
the national market: chayote (a trellised squash 
shaped like a pear), green beans and squash 
(including patty pan and zucchini).
Crops, markets and production practices in the 
region
More than 30 types of vegetables are grown in 
the region of Northern Cartago and the Ujarrás 
Valley. Farmers in the area grow three vegetable 
crops at a time, on average, and rotate their crops 
in quick succession year round. Almost all farmers 
in the area practice agriculture that depends on 
agrochemicals. They do so because they face 
extremely high pressure from insect and disease 
pests.
 At the time of the study, pesticide use in the 
region was much higher than the Costa Rican 
average. Table 8.1 shows that a hectare of the very 
common annual rotation of potatoes, carrots, and 
cabbage was receiving, in 2004, 153.9 kg of active 
ingredient of synthetic pesticides per hectare 
per year (kg ai/ha/year), which was ten times the 
amount of pesticide used on the average cultivated 
cropland in Costa Rica, 15.9 kg ai/ha/year.296 Even 
the least-heavily sprayed vegetable crop – chayote 
for export – was sprayed more than twice the 
national average. Subsistence crops of corn and 
beans had been almost entirely replaced with 
market vegetables by the 1970s, and when these 
were grown in 2003-04 they were little sprayed.
 Most farmers in the area regularly used 
acutely toxic insecticides. Organophosphates 
(OPs), almost all of which are WHO Class Ia or Ib, 
constituted 35 percent of insecticide doses used 
on vegetable crops in the area, and on average, 
vegetable crops were sprayed with 5.2 doses of 
OPs per crop cycle. On average, crops in the region 
were sprayed weekly with 2 kg ai/ha.
 The majority of the vegetable crops in the 
region were sold in the national market, which 
faced very little pesticide regulation. A handful of 
vegetable crops were also produced for export. 
These main export crops were chayote, green beans 
and squash. For these three crops, a substantial 
number of farmers grew them for national market, 
and another substantial group grew them for 
export, allowing for direct comparisons of input 
use.
 In the mid-1980s vegetable exporters in the 
region had shipments rejected from the United 
States. This was due to the United States Food and 
Drug Administration finding illegal residues of the 
OP methamidophos (WHO Class Ib) on imported 
vegetables. In response, these exporters created 
rules governing pesticide use for their contract 
farmers.297 The rules included prohibitions on 
the use of OPs (mostly WHO Classes Ia, Ib, and 
II) and all other WHO Class Ia and Ib insecticides, 
especially near harvest time, and organochlorines 
(due to their residue persistence). In turn, 
exporters typically paid their farmers a higher 
price for their vegetables so that farmers could 
afford the more expensive, and less acutely toxic, 
synthetic insecticides that exporters recommend, 
like the pyrethroids. Additionally, some exporters 
provided training in Integrated Pest Management 
(IPM) or advised farmers learn more about organic 
agriculture and agroecology at the nearby training 
school (see below).
Spraying green beans, Costa Rica. Ryan Galt 
296 Chaverri F. 1999. Importación y uso de plaguicidas en Costa Rica: Análisis del período 1994-1996. Heredia, Costa Rica: 
Instituto Regional de Estudios en Sustancias Tóxicas, Universidad Nacional de Costa Rica.  
297 Galt 2014, op cit.
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Agroecological practices
Interest in organic agriculture was high among 
farmers in the region, but all were sceptical 
about the possibility of producing their crops 
economically based solely on organic inputs. For 
this reason, farmers used agroecological inputs to 
reduce their agrochemical dependence, but not 
to replace agrochemicals entirely. Since farmers’ 
main production focus in the region was choosing 
which inputs to use in their very input-intensive 
crops, the main form that agroecological practices 
take in the region was different kinds of purchased 
and homemade organic inputs for the soil or to 
spray on crops.
 The Instituto Nacional de Aprendizaje 
(National Institute of Learning, or INA) has an 
organic agriculture school, Organic Agriculture 
Table 8.1 Average annual pesticide application intensity for common vegetable rotations by 
market, in 2003-04
Region Market Rotation Pesticide used (kg ai/ha/yr)
N. Cartago Open national market potato, carrot, cabbage 153.9
  potato, cabbage squash 112.7
  potato, cabbage, broccoli 110.3
  potato, cabbage 89.5
  potato, carrot 121.7
  potato, potato 114.5
  potato, onion, lettuce 128.5
  potato, fallow 57.3
  corn (criollo variety) &  
  bean (cubá) 1.4
 Export market squash, green bean, 
  squash, green bean 43.0
  squash, green bean,  
  squash, corn 50.1
  squash, green bean,  
  carrot, corn 55.7 
Ujarrás Valley Open national market tomato, green bean, squash 111.1
  sweet pepper 65.9
  green bean, chayote 85.9
  chayote 71.5
 Export market green bean,1 chayote 47.9
  chayote 33.4
  squash, green bean,  
  corn, squash 50.1
 Regional Average (not weighted) 79.2
 National Average2  15.9
   
1 Sold to open national market
2 from Chaverri 1999
Source: surveys of farmers by author, 2003-04
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Technological Unit, located in La Chinchilla, NW 
Cartago. This practical training school teaches 
farmers a number of organic agriculture skills. 
The classes offered in 2003-04 were: production 
of organic fertilizer including compost and 
‘bokashi’;298 vermiculture with California 
earthworms; plant protection with the use of 
bacteria and fungi to combat insects and plant 
diseases; growing and using medicinal plants; 
soil and water conservation; irrigation; making 
of nurseries and greenhouses; agricultural 
mechanization applicable to organic agriculture; 
and a general class in organic agriculture. Courses 
run throughout the year, and are taught one day 
per week for two to three months, and are free for 
farmers to attend.
 In 2003-04, a small percentage of farmers in 
the area had adopted some of these agroecological 
practices, typically after taking classes at the INA. 
Table 8.2 shows that about 18 percent of farmers 
created their own organic foliar fertilizer sprays, 16 
percent used ‘worm compost tea’ (many purchased 
it), and 12 percent used compost and organic 
insect repellents. About 9 percent of farmers used 
IPM. The rest of the chapter investigates how these 
agroecological practices relate to pesticide use 
intensity and organophosphate use in 2003-04. It 
also examines the effects of exporters’ regulations 
on farmers’ use of agroecological practices.
The vegetable chayote, Costa Rica. Ryan Galt
Table 8.2 Agroecological practices used by farmers*
Practice average use
Compost 12%
Worm compost (vermicompost) 7%
Bokashi 5%
Organic repellants (pepper, garlic) 12%
Worm tea (vermiliquid) 16%
Homemade organic foliar fertilizer sprays 18%
Homemade organic fungicides 4%
Number of types of organic sprays** 0.5
Total number of agroecological practices 1
IPM techniques*** 9%
* Data refers to 430 field-specific crop spraying schedules from 145 surveyed farmers (see Galt 2014).
** This includes all types of organic sprays, i.e. organic repellents, worm tea, homemade organic foliar nutrient sprays, 
and homemade organic fungicides.
*** Farmers’ use of IPM is based on self-reporting. In the region, most IPM use focuses on insect identification and 
counts, with some knowledge and use of economic thresholds.
298 Bokashi, also spelled bocashi, is a fermented organic soil amendment first created in Japan, made from waste materials 
such as food scraps, rice hulls, molasses, manure, ash, and yeast.
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Farmers’ pesticide use and use of agroecological 
practices
Almost all agroecological inputs are strongly, 
negatively related to pesticide intensity, with 
the exception of worm tea. This suggests that 
these agroecological inputs have an effect on 
the agroecosystem that allows farmers to reduce 
pesticide intensity. The exception of worm tea is 
curious, since agroecologically-oriented farmers 
in the area note that it provides plant nutrients 
in a concentrated form to grow healthier plants 
resistant to disease. Yet worm tea has also been 
adopted as a fertilizer by many farmers in the 
region, including those without much interest in 
reducing synthetic pesticide use.
 Considering chayote specifically, two inputs 
reduced pesticide intensity considerably: organic 
repellents and organic foliar fertilizer sprays. Export 
farmers made organic repellents of hot peppers 
and garlic as a substitute for synthetic insecticides, 
against the insect pests “chino del chayote” 
(Empoasca solana), white fly (Bemisia tabaci, which 
spreads yield-reducing viruses) and leaf miners 
(Liriomyza spp.). Foliar fertilizer sprays sometimes 
included molasses, calcium carbonate, and other 
ingredients meant to make the plants stronger 
and better able to fight off infection. Both of these 
methods allowed chayote farmers to considerably 
reduce their dependence on synthetic pesticides. 
Chayote farmers who used organic repellents 
reduced their insecticide use to 2.8 kg ai/ha, 
compared to 7.7 kg for farmers not using organic 
repellents. Similarly, farmers who used organic 
repellents used an average of three doses of OPs 
compared to 10.6 doses used by farmers who did 
not use organic repellents.
 In squash crops, the agroecological inputs that 
most reduced pesticide use were worm compost, 
bokashi and organic foliar fertilizer sprays. 
Reducing pest susceptibility through improved 
soil health has long been recognized and appears 
to have worked well for squash in the region. As 
for foliar fertilizer sprays, it is possible that the foliar 
nutrients helped strengthen the outer cells of the 
leaves, perhaps slowing the cellular invasion by 
pest organisms, especially fungal hyphae.299
Comparing national market farmers and export 
farmers
In addition to examining the effects of 
agroecological inputs by crop, it is important to 
desegregate the data more to look at specific 
groups of farmers. Export farmers faced an 
important pressure from the buyers of their 
produce to reduce their pesticide use. Exporters 
prohibited the use of OPs and all other WHO Class 
Ia and Ib insecticides. In contrast, national market 
farmers selling to unregulated markets faced 
little pressure to change their pesticide use, and 
organophosphates offered very strong and cost-
effective pest control. Table 8.3 compares the use 
of pesticides and agroecological inputs on the 
crops of these different groups of farmers.
 For all crops, export farmers used at least half 
the OPs with the less residual and less acutely toxic 
A farmer’s homemade and purchased organic sprays. 
Agroecologically-oriented farmers in the region tend 
to focus on agroecological inputs due to the input-
intensive nature of their vegetable crops. Ryan Galt
299 Galt RE. 2008. Pesticides in export and domestic agriculture: reconsidering market orientation and pesticide use in 
Costa Rica. Geoforum 39 (3):1378-92.
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insecticides like the synthetic pyrethroids. Since 
the synthetic pyrethroids are less effective and cost 
more, export farmers would not do this without 
exporters’ prohibitions on the OP insecticides.300
 Other, more common, techniques for 
reducing pesticide use that were used by exporter 
farmers, were organic repellents (often made of hot 
peppers and garlic) and homemade organic foliar 
fertilizer sprays, as discussed above. In general, 
export farmers were much more likely to use 
these agroecological inputs than farmers selling 
in the open national market. The exception was 
squash. This exception exists for two main reasons. 
First, open national market farmers who are more 
oriented toward organic agriculture tended to 
grow squash due to its lower need for agrochemical 
inputs compared to many vegetables in the 
area, especially potato, carrot, onion and tomato. 
Thus, it is grown disproportionately by the more 
agroecologically-oriented farmers who sell to the 
open national market. Second, about half of export 
growers were more likely to use the IPM technique 
of counting insects and not spraying until they 
reach rough threshold values, rather than to use 
agroecological inputs, as discussed below. 
Worm compost from California earthworms. Farmers 
use the worm compost (vermicompost) and the worm 
“tea” (vermiliquid) as crop inputs. Ryan Galt
300 (i) Galt RE. 2009. “It just goes to kill Ticos”: national market regulation and the political ecology of farmers’ pesticide use 
in Costa Rica. J Polit Ecol 16:1-33. (ii) Galt RE. 2014. Food systems in an unequal world: pesticides, vegetables, and agrarian 
capitalism in Costa Rica. Tucson: University of Arizona Press.
Table 8.3 Pesticide and agroecological input use by market orientation
Chayote 
        Open National Market   Export Market
        Mean   Mean
Pesticide use     (N=15)   (N =29)
 pesticide intensity (active ingredient per week) 1.1   0.5
 doses of OPs     13.6   6.33
 OPs as percentage of insecticide doses  31%   15%
Alternative practices   
 compost     13%   7%
 worm compost    0%   3%
    bokashi    0%   3%
 organic repellent(s)    0%   41%
 worm tea     0%   3%
 homemade organic foliar fertilizer sprays 7%   41%
 homemade organic fungicides   0%   10%
 number of types of organic sprays  0.07   1.0
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 total number of organic practices  0.5   1.7
 IPM techniques of insect counts and thresholds 0%    0%
   
Green Beans  
        Open National Market    Export Market
        Mean   Mean
Pesticide use     (N = 22)   (N = 13)
 pesticide intensity (active ingredient per week) 1.25   0.92
 doses of OPs     2.1   1.0
 OPs as percentage of insecticide doses  32%   18%
Alternative practices    (N = 22)   (N = 14)
 compost     9%   50%
 worm compost    9%   0%
  bokashi     14%   29%
 organic repellent(s)    18%   36%
 worm tea     23%   0%
 homemade organic foliar fertilizer sprays 32%   43%
 homemade organic fungicides   9%   0%
 number of types of organic sprays  0.8   0.8
 total number of organic practices  1.2   1.6
 IPM techniques of insect counts and thresholds 9%    36%
   
Squash  
        Open National Market Export Market
        Mean   Mean
Pesticide use     (N = 32)   (N = 34)
 pesticide intensity (active ingredient per week) 0.93   0.86
 doses of OPs     5.4   1.6
 OPs as percentage of insecticide doses  35%   16%
Alternative practices   
 compost     16%   18%
 worm compost    16%   6%
  bokashi     13%   18%
 organic repellent(s)    19%   6%
 worm tea     34%   0%
 homemade organic foliar fertilizer sprays 19%   29%
 homemade organic fungicides   9%   0%
 number of types of organic sprays  0.8   0.4
 total number of organic practices  1.5   0.9
 IPM techniques of insect counts and thresholds 0%    18%
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Export farmers’ different strategies to reduce 
pesticide use
Farmers for the two main exporters (here referred 
to as A and B) of green beans and squash had 
different strategies for reducing their pesticide use 
to meet their exporters’ demands. Those associated 
with Exporter A tended to emphasize the IPM 
threshold technique, whereas Export B’s farmers 
tended to use agroecological inputs. While it is 
tempting to compare the two groups to determine 
which practice — IPM versus agroecological inputs 
— works better to reduce pesticide use, there are 
important socio-economic inequalities between 
the groups that strongly affected overall pesticide 
use.
 Farmers for Exporter A tended to be wealthier, 
and used a strategy of moving their production 
outside of the regions where pest pressure is 
highest.301 Additionally, Exporter A paid for IPM 
training for its farmers. As a group, these farmers 
have the highest use of IPM in green beans and 
squash. Exporter A’s farmers succeed in reducing 
their pesticide use compared to open national 
market farmers, and used fewer OP doses, although 
it is unclear how much the IPM and how much 
moving their production contributed to these 
decreases.
 On the other hand, farmers selling to Exporter 
B tended to be poorer, and could not afford to 
commute long distances to access better land. As a 
group, they faced higher pest and disease pressure 
than the farmers for Exporter A. They also did not 
receive IPM training. However, Exporter B strongly 
recommended they take short courses at the INA’s 
organic agriculture school. In the face of their 
resource constraints and with this training, they 
turned to agroecological practices. As a group, 
these farmers have the highest use of a number 
of agroecological inputs on green beans and 
squash, especially compost, bokashi, and organic 
foliar fertilizer sprays. With these agroecological 
methods, Exporter B’s farmers were able to reduce 
their OP use to less than half of what open national 
market farmers used on green beans, and to a third 
of what open national market farmers used on 
squash.
Conclusion
Farmers in the primary Costa Rican vegetable 
production region of Northern Cartago and the 
Ujarrás Valley face substantial insect and disease 
pest pressure. During data collection in 2003-04, all 
farmers in the area relied upon agrochemicals for 
pest control, but a substantial minority of farmers 
301 Galt 2014, op cit.
A potent homemade pest repellent of hot chili peppers 
and garlic for use in chayote production. Ryan Galt
Harvesting potatoes, Costa Rica. Ryan Galt
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had adopted agroecological inputs taught by the 
local organic agriculture school of the INA. These 
methods helped farmers to reduce their pesticide 
intensity and rely less on HHPs. 
 The different markets farmers sold to faced very 
different regulatory systems, with export markets 
having a prohibition on OP insecticides, especially 
near harvest time. Farmers selling to these export 
markets were able to reduce their use of OPs and 
other WHO Class Ia and Ib insecticides through a 
variety of methods, including IPM techniques and 
agroecological inputs. Agroecological inputs were 
most adopted by the resource-poor export farmers 
in the region, with beneficial results; they were able 
to reduce their acutely toxic pesticide use even in 
the face of very strong pest pressures.
 Currently, farmers in the area continue to 
use pesticides intensively, but there are a handful 
of farmers converting fully to organic agriculture. 
The number of certified organic farms that are part 
of the Asociación de Productores Orgánicos de la 
Zona Norte de Cartago (Association of Organic 
Producers of Northern Cartago, APROZONOC) has 
increased in recent years to seven, farming on 12.5 
certified hectares. While small, this is a considerable 
increase over virtually no certified organic land in 
the area in 2003-04. 
 Overall, this case points to the necessity of 
regulatory systems in pushing farmers of input-
intensive crops to try agroecological methods 
to reduce pesticide use. It also highlights the 
importance of providing local and resource-
appropriate training programs available to 
farmers who most need them. Major investments 
in and support for farmer- and expert-created 
agroecological knowledge are needed for the 
region. Farmers in the area grow more than 30 
different vegetable crops, so the knowledge 
needs of farmers and educators in the area are 
enormous since each crop has its own assemblage 
of insect pests and diseases. Agroecological 
research on on-farm habitat management and 
further diversification of rotations and cropping 
systems could discover additional ways of 
reducing pesticide use. Lastly, larger-scale 
interventions should be explored, including 
stabilizing commodity markets (to make them 
more predictable and make it easier for farmers to 
make a living), supporting and subsidizing farmers 
who adopt agroecological methods and organic 
certification, and coordinating production of 
specific crops regionally to correspond with more 
conducive weather and to help break the lifecycles 
of pests in the area.
Zucchini field, Costa Rica. Ryan Galt
